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Abstract: Objective To investigate the distribution and antibiotic resistance of clinical isolates from blood culture in 15
hospitals across China in 2012 . Methods The susceptibilities of blood culture isolates to more than 20 antimicrobial agents were
determined by Kirby-Bauer method according to a unified protocol. Results A total of 8 490 strains were isolated from blood
samples in 2012, of which gram positive cocci and gram negative bacilli accounted for 56 .0% and 44 .0%% respectively . The top
ten isolates were coagulase negative Staphylococcus (CNS) (35.5% ), E. coli (16.4% ), Klebsiella spp. (9.8% ),
Enterococcus spp . (7.2% ), S. aureus (7.2% ), Acinetobacter spp. (5.9% ), S. viridans (4 .3% ), P. aeruginosa (3 2%,
Entrobacter spp . (2.4% ) and Burkholderia spp. (1.5% ), together accounting for 93.5% of all the blood culture isolates .
The prevalence of MRSA among S.aureus and MRCNS among CNS was 50 .8% and 61.7% , respectively . About 29 .0% and
10 .9% of the E. faecalis isolates were resistant to high level gentamicin and ampicillin respectively , significantly lower than
that of E. faecium. Penicillin resistance was found in 3.8/ of the S. viridans strains and 31.2%6 of the S. pneumoniae
strains isolated from adults, and 34.1% of the S. pneumoniae strains isolated from children. Vancomycin-resistant
Enterococcus was identified in 3 .5% of the E. Jfaecium isolates . No strains were found resistant to vancomycin or linezolid in
Staphylococcus spp . » Streptococcus spp . S. pneumoniae and E. faecalis. About 11.2%6 to 19.8% of the Klebsiella strains
were resistant to carbapenems . For the other Enterobacteriaceae species , less than 10.0% of the isolates were resistant to
carbapenems . Nonfermenters were highly resistant to carbapenems, especially Acinetobacter spp. (71.6% resistant) and
P. aeruginosa (nearly 30 .06 resistant) . Conclusions Gram positive cocci still play an important role in blood stream infections
in 2012 CHINET program , but the proportion decreases compared to previous years. Resistance to the fist line antibiotics is
common among the blood isolates, especially the increase of carbapenem resistance in gram negative bacteria. Antimicrobial
agents should be used appropriately to reduce the selection pressure. Hospital infection control measures should be
strengthened to prevent the spread of resistant organisms .
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Table 1 Distribution of 8 490 strains isolated
from blood specimen
Organism Number of isolates %
Staphylococcus , coagulase negative 3018 35.5
Escherichia coli 1 396 16 .4
Klebsiella 829 9.8
Enterococcus spp 613 7.2
Staphylococcus aureus ss . aureus 610 7.2
Acinetobacter spp 499 5.9
Streptococcus viridans 363 4.3
Pseudomonas aeruginosa 275 3.2
Enterobacter 206 2.4
Burkholderia spp 131 1.5
Salmonella 85 1.0
Serratia 73 0.9
Streptococcus pneumoniae 73 0.9
Stenotrop homonas maltop hilia 60 0.7
Beta-haemolytic Streptococcus 59 0.7
Proteus 43 0.5
Citrobacter 37 0.4
Listeria 20 0.2
Pseudomonas spp 18 0.2
Raouliella 15 0.2
Morganella morganii ss . morganii 14 0.2
Haemop hilus 10 0.1
Pantoea spp 9 0.1
Aeromonas hydrophila 5 0.1
Miscellaneous 29 0.3
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K2 AEEREEIE XU 25 BT 2 R R 00 )
Table 2 Susceptibilities of Staphylococcus spp . to selected antimicrobial agents ZD)
MSSA (n=300) MRSA (n=310) MSCNS(n=1 155) MRCNS(n=1 863)
Antimicrobial agent
R S R S R S R S

Penicillin G 87 .5 12.5 100 0 83.3 16 .7 98 .7 1.3
Oxacillin 0 100 100 0 0 100 100 0

Ampicillin-sulbactam 2.2 96 .7 70.9 21 .4 2.0 96 .8 34.9 54.1
Cefazolin 0 100 77 .3 18.2 3.9 95.2 47 .2 47 .7
Cefuroxime 1.0 97 .9 77 .3 19 .6 3.5 94 .6 51.0 42.8
Gentamicin 18 .5 79 .4 73 .4 22.5 12.2 83 .2 43 .2 49 .5
Rifampin 2.0 97 .6 52.5 46 .6 3.5 96 .1 11.9 87 .5
Ciprofloxacin 10 .4 85.0 88.3 11.2 16 .7 77 .2 62.7 31.5
Levofloxacin 7.9 90 .8 82.3 16 .8 12.8 81.1 52.1 41.3
Trimethoprim-sulfamethoxazole 22 .4 77 .6 22.1 76 .5 38.1 60 .1 64 .9 33.0
Clindamycin 30 .6 65 .6 72.5 26 .8 20.9 71.5 49 .8 44 4
Erythromyecin 53.1 43 .1 88 .6 8.8 68 .8 28.2 91.2 8.0
Linezolid 0 100 0 100 0 100 0 99 .5
Vancomycin 0 100 0 100 0 100 0 100

Teicoplanin 0 100 0 100 0 100 0.1 99 .8

MSSA , methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus ; MSCNS, methicillin-

susceptible coagulase negative Staphylococcus; MRCNS , methicillin-resistant coagulase negative Staphylococcus .
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Table 3 Susceptibilities of Enterococcus spp .

to selected antimicrobial agents (6 )

E. faecalis (n=255) E. faecium (n=318)

Antimicrobial agent

R S R S

Ampicillin 10.9 89 .1 92.3 7.7
Gentamicin-High 29.0 64.3 51.0 44.0
Rifampin 60 .3 25.9 84 .8 7.6
Ciprofloxacin 23.6 49 .8 88 .4 5.4
Levofloxacin 24 .8 70 .8 82.9 10.0
Fosfomycin 4.3 88 .0 10 .1 76 .4
Erythromyecin 70 .1 9.5 89 .1 2.3
Linezolid 0.4 98 .4 0 100

Vancomycin 0.4 99 .6 3.5 96 .5
Teicoplanin 0.4 99 .6 0.4 98 .9
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Table 4 Susceptibilities of Streptococcus spp .

to selected antimicrobial agents (% )

S. viridan Beta-haemolytic
Antimicrobial agent (n=301) Streptococcus (n=>55)

R S R S

Penicillin G 3.8 73.2 0 71 .1

Ceftriaxone 12 .4 77 .1 16 .7 53.3

Levofloxacin 8.9 89 .4 15 .8 78 .9

Clindamycin 55.7 40.9 52.2 37.0

Erythromyecin 56 .8 37.5 56 .5 23.9
Linezolid 0 100 0 100
Vancomycin 0 100 0 100
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Table 5 Susceptibilities of S. pneumoniae to

selected antimicrobial agents (6 )

Strains from adults Strains from children

Antimicrobial agents (n=41) (n=32)

R S R S
Penicillin G 34 .1 61.0 31.2 34 .4
Oxacillin 16 .7 83.3 76 .0 24.0
Levofloxacin 0 100 0 100
Moxifloxacin 0 100 0 100
Clindamycin 76 .9 23 .1 96 .0 4.0
Erythromyecin 77 .1 20.0 92.9 3.6
Linezolid 0 100 0 100
Vancomycin 0 100 0 100
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Table 6 Susceptibilities of Enterobacteriaceae to selected antimicrobial agents (%4 )

Citrobacter Entrobacter E. coli Klebsiella Proteus Serratia

Antimicrobial agent spp(n=37) spp (n=206) (n=1 396) spp(n=2829) spp(n=43) (n=73)

R S R S R S R S R S R S
Piperacillin 58.6 34.5 46 .0 49.3 77 4 16 .9 54 .2 37 .1 35.7 50 .0 23 .1 66 .2
A moxicillin-clavulanic acid 84 .6 7.7 86 .4 8.0 16 .7 53 .4 12.6 70 .6 27 .8 44 4 88 .0 8.0
Cefoperazone-sulbactam 16.1  61.3 14.8 64.1 8.0 73.5 223 66.7 6.2 87.5 10.7 839
Ampicillin-sulbactam 55.2 41 .4 59.5 31.0 51.0 29.7 45 .4 44 .0 20.0 63.3 66 .7 26 .3
Ticarcillin-clavulanic acid 50.0 33.3 22.2 70 .4 17 .4 50.0 29.2 56 .2 0 75 .0 27 .3 63 .6
Piperacillin-tazobactam 16 .1 61.3 13.3 749 6.2 88.8 18.8 721 0 97 .5 1.5 97.1
Cefazolin 83.3 12.5 97 .0 2.4 69 .9 28 .7 52.6 45 .1 69 .7 30.3 93.1 6.9
Cefuroxime 68 .4 26 .3 55 .4 34 .8 67 .9 29.9 52 .4 45 .1 54 .2 41.7 80 .0 8.0
Ceftazidime 36 .1 58.3 35.8 63 .1 20 .5 65 .5 28 .1 62 .6 5.3 92.1 7.2 89 .9
Ceftriaxone 75 .0 25.0 31 .4 60 .0 57 .9 34.2 31.3 64 .6 20.0 80 .0 41.7 50 .0
Cefotaxime 66 .7 33.3 42.2 49 .2 62.3 31.7 41.3 51.2 31.0 55.2 16 .3 58 .1
Cefepime 16.2  81.1 16.6  77.1 2809 62.8 26.2 689 14.6 82.9 6.0 86.6

Cefmetazole 85.7 14.3 94 4 5.6 5.9 92.1 30.5 68 .4 0 100 0 100
Aztreonam 34 .8 60 .9 29.8 61.6 34 .2 46 .4 29.2 61.0 6.9 89 .7 7.5 83 .0
Ertapenem 7.1 85.7 7.5 82.7 0.6 99 .0 19.8 79 .1 0 100 8.3 87 .5
Imipenem 0 97 .0 2.4 96 .1 0.4 99 4 11.6 87 .6 0 100 0 98 .6
Meropenem 3.0 97 .0 1.8 98 .2 0.4 99 .5 11.2 88.5 0 100 1.5 98 .5
Amikacin 11 .4 85.7 8.6 86 .8 5.5 92.1 13.6 85.3 2.4 95.1 3.7 94 .4
Gentamicin 38 .9 61.1 26.1 73 .4 52.1 46 .7 29.6 70 .2 28 .6 64 .3 16 .9 83.1
Ciprofloxacin 21.6 73 .0 14 .6 81.0 61.7 35.8 27 .8 64 .3 47 .6 45 .2 2.9 91 .4
Levofloxacin 25.0 75 .0 17 .6 81.0 60 .7 37 .1 22.5 72.8 17 .2 58 .6 1.8 98 .2
Trimethoprim-sulfamethoxazole 25.0 75.0 27.0 73.0 61.8 37.6 31.0 67.3 67.6 32.4 3.8 96.2

F7 FERRIFEDT TR AT 23 AR 06 )
Table 7 Susceptibilities of 41 strains of S. typhi and

S. paratyphi to selected antimicrobial agents &)

#8271 BRI ERHE TR 25 IH2G R AMEIEAR 06 )
Table 8 Susceptibilities of 2 711 strains of Enterobacteriaceae

to selected antimicrobial agents (0 )

Antimicrobial agent R S
Ampicillin 11.8 82 .4
Ceftriaxone 0 100
Ciprofloxacin 0 90 .2
Levofloxacin 0 93 .8
Trimethoprim-sulfamethoxazole 15 .0 85.0
Chloramphenicol 4.2 83.3

() AR B 22 IIVERF R XU 25 YR i 25
P AR A TR BRI 253, 21 .70 ~

Antimicrobial agent R S
Cefoperazone-sulbactam 12.7 71.7
Piperacillin-tazobactam 10.5 82.8
Ceftazidime 23.1 66 .2
Cefepime 25.2 68 .1
Ertapenem 7.4 91.0
Imipenem 4.0 95 .4
Meropenem 3.9 95.9
Amikacin 8.2 89 .6
Gentamicin 40.3 58.8
Ciprofloxacin 429 52.3
Levofloxacin 40 .8 56 .0
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Table 9 Susceptibilities of nonfermenters to selected antimicrobial agents (6 )

Pseudomonas spp

Acinetobacter spp

Burkholderia spp Stenotrophomonas spp

Antimicrobial agent (n=293) (n=499) (n=131) (n=60)

R S R S R S R S
Piperacillin 25.7 74 .3 72.8 17 .8
Cefoperazone-sulbactam 24 .5 62.3 40.2 38.7 17 1 51 .4
Ampicillin-sulbactam 69 .3 24.9
Ticarcillin-clavulanic acid 41 .4 56 .9 80.3 19.7 0 100
Piperacillin-tazobactam 19 .6 80 .1 73 .1 22.7 2.9 91.2
Cefoperazone 30.3 58 .2
Ceftazidime 21.3 73 .9 71.8 24.0 6.5 90 .2
Cefepime 23.3 70 .8 73.8 23 .1
Aztreonam 30.0 48 .7 88 .4 2.2
Imipenem 29 .1 69 .6 71.6 26.9
Meropenem 21.7 74 .9 59.9 39.0 2.5 91.7
Amikacin 14.9 83.7 43.6 54.5
Gentamicin 19 .2 73.9 68 .6 28.1
Ciprofloxacin 19 .4 75 .8 73 .1 25.7
Levofloxacin 22.0 71.7 54 .9 26 .1 6.5 84 .8
Trimethoprim-sulfamethoxazole 65 .1 32 .4 4.5 94 .4 0 100
Minocycline 39 .4 38 .4 6.7 73.3 3.3 93.3
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Table 10 Susceptibilities of 994 strains of nonfermenters

to selected antimicrobial agents (6 )

Antimicrobial agent R S
Cefoperazone-sulbactam 32.3 48 .4
Piperacillin-tazobactam 48 .5 48.3
Ceftazidime 46 .2 49.7
Cefepime 52.2 43.0
Imipenem 55.3 42.2
Meropenem 37.7 59.8
Amikacin 32.8 64 .6
Gentamicin 51.6 43 .9
Ciprofloxacin 50.5 45.0
Levofloxacin 36.2 48 .4
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